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Abstract

Seismic response signals constitute the fundamental basis for dynamic characteristic analysis and seis-
mic safety evaluation of concrete dams. Field-measured signals are prone to be mixed with substantial
noise induced by environmental interference and equipment noise during acquisition, which severely
limits the accuracy of signal analysis and structural state identification. Wavelet threshold denoising is
a widely adopted technique for signal denoising. However, the conventional hard threshold function
suffers from discontinuities, and the soft threshold function has inherent estimation bias. Neither can
satisfy the high-precision processing requirements of seismic response signals. To address these draw-
backs of traditional wavelet thresholding methods, this paper proposes a wavelet denoising method
based on a soft-hard combined threshold and applies it to seismic response signal processing of con-
crete dams. Verification results indicate that the proposed method achieves superior denoising perfor-
mance compared with traditional soft and hard threshold approaches. It can effectively increase the
signal-to-noise ratio and reconstruction accuracy, thereby offering reliable technical support for seis-
mic response signal processing of concrete dams.
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Figure 1. Denoising effects of different threshold methods
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Table 1. SNR of different denoising methods
= 1. NEEMETE SNR EELER

(Ghe) B EIX(SF) 1 R {ELVA(HF) 47 B (HVL(HSF)
Blocks 12.7608 15.2396 16.3524
Bumps 13.5048 18.2608 19.6583

HeaviSine 24.1271 25.8581 26.6685
Doppler 21.3647 21.6114 22.1567

Table 2. RMSE of different denoising methods
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Blocks 0.4558 0.3427 0.3015
Bumps 0.3101 0.1880 0.1601
HeaviSine 0.1846 0.1513 0.1378
Doppler 0.0247 0.0240 0.0225
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Table 3. Typical strong earthquakes of a gravity dam (2003~2009, monolith No. 19)
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Figure 2. Layout of strong-motion observation points and vibration pickups in monolith No. 19
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Figure 3. Denoised fitting and power spectra of the streamwise acceleration signal at SE1
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Table 4. Estimated SNR values of different denoising methods at SE1
% 4. SE1 M S A EIFERE 5 A M THERREL

CEEMD CEEMD-HSF VMD VMD-HSF

SNR 1.3730 1.4349 1.5422 1.6321
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